We have endoscopically treated a total of 114 cases, mainly having biliary tract stones, since May, 1976. The techniques we employed were endoscopic sphincterotomy (EST), percutaneous transhepatic choledochoscopic lithotomy (PTCL) and postoperative choledochoscopic lithotomy (POCL), which were per formed in 75, 33 and 6 cases, respectively. Some of the patients had residual recurrent bile duct stones or intrahepatic stones; cholelithiasis was also seen in aged or low risk patients. Since endoscopic treatment greatly contributed to an increase in the clinical cure rate, we strongly believe that these endoscopic tech niques will not only be more widely utilized but will also be improved in terms of clinical significance.
Introduction
In spite of the fact that biliary tract stones are considered a benign disease, the presence of gallstones often induces biliary inflammation and/or cholestasis due to obstruction, and this disease may result in serious consequences, largely depending upon the occurrence or not of jaundice. Therefore, the treatment of this disorder should be carefully decided in each case.
Out of 580 cases with biliary tract stones surgically treated during the past 20 years in our department, 40 cases (7%) had to undergo reoperation.
Out of these 40 cases, 17 (3% of the total of 580 cases) had their initial operation at our hospital, and 25 cases (62.5%) underwent reoperation due to recurrent bile duct stones, which was therefore, the most remarkable reason for reoperation at our department. These reoperated cases were thought to have benign disease, however, among those under going multiple operations, namely 25 undergoing two operations and 5 undergoing operations 3 times or more, 4 cases died. Although the mortality rate after reoperation was 5% among the 40 cases (2/40), this rate jumped to 40% after 3 or more surgical
procedures. This is why we have employed endoscopic treatment since May, 1976.
Materials and Methods
The following endoscopic treatment techniques were employed by our department:
endoscopic sphincterotomy (EST); percutaneous transhepatic choledochoscopic lithot omy (PTCL); and postoperative choledochoscopic lithotomy (POCL). These tech niques were respectively applied to 75, 33, and 6 cases. (Tables 1-3) As shown in Table 1 , 75 patients underwent EST at our department beginning in The number of cases according to the frequency of incision is shown in Table 2; 51 patients (68%) underwent EST once, and 24 patients (32%) experienced EST more than 2 times. The reason for multiple incisions was that a sufficient length of incision could not be attained by the previous incision, or that precutting was required because a knife could not be inserted into the biliary tract at the initial incision.
Results

Results of EST
As shown in Table 1 , EST failed in the removal of gall stones in 6 patients. Out of these 6 patients, although the biliary tract could not be cut in 2, the incision was successfully performed in 4. Since one of the 2 former cases received EST in the early stages of our experiment, we retrained from inserting a knife into the biliary tract in this case. However, because we have applied precutting to such cases thereafter, the incision rate has increased. In the remaining case, bleeding occurred during EST, and EST was discontinued because we thought that further performance of the proce dure was dangerous. As for the 4 latter cases, in whom the incision was successfully comployed but whose gallstones could not be removed, a basket catheter holding gall stones was incarcerated at the papilla in one case, resulting in the inability to pull it out; gallstones were caught at the outlet of the common bile duct within the pancreas in another case because of the presence of stenosis of the intra-pancreatic common bile duct caused by chronic pancreatitis and the other 2 cases had large gallstones measuring over 2.5cm in X-ray films.
Complications of EST are shown in Table 3 . Bleeding requiring no blood trans fusion occurred in 3 cases; emergency operation was performed in one case due to arterial bleeding. In another case, a basket catheter holding gallstones could not be pulled out after incision. Although we, encountered 5 cases developing complications after EST, none of them, fortunately, died. Since we encountered serious iatrogenic cholangitis due to ERCP and PTC, PTCD is employed as a first-choice treatment for patients having jaundice with clear evidence of extrahepatic obstruction with the assump tion of the occurrence of the same kind of iatrogenic diseases by EST. This may be the reason for the non-occurrence of cholangitis or liver abscess after EST in our patients.
There are no clinical symptoms indicating recurrent stenosis in the incised region in the 73 successful incision cases or in the 65 successful cases of gallstone removal by means of EST in the subsequent follow-up, ranging 7 years. All of these patients have so far shown satisfactory prognoses. (Table 4) Since June, 1979, 33 patients have undergone PTCL at our department. They consisted of 10 with residual-recurrent bile duct stones, 17 with choledocholithiasis, 2 with confluence stones and 4 with intrahepatic stones.
Results of PTCL
Although mechanical lithotripsy using only dressing forceps was employed (PTCL)
in the early stages of our experiment, laser was subsequently combined (L-PTCL), and a stone disintegrator has also been put into use for combination lithotripsy (SD-PTCL) in recent years. The removal of gallstones with L-PTCL was usually performed using a Medilas Nd: YAG laser (manufactured by MBB) as follows: gallstones were repeatedly irradiated with laser at a power output from the tip of 70W/sec, further broken using dressing forceps and, pieces of the gallstones were then removed using a basket catheter. In order to crush gallstones by means of SD-PTCL, gallstones were repeatedly electrified in the same way as that employed for L-PTCL using a Q-S fiber; by an electrode 5 Fr in diameter, usually at 70V/1-2 sec using an ACMI-electrohydraulic lithoriptor (SD) under choledochoscopy while being perfused with physiological saline.
A total of 113 lithotripsies were performed in the 33 patients, and their gallstones were successfully removed, with the exception of one patient who died from hepatic insufficiency.
As for lithotripsy techniques, PTCL (using only dressing forceps), L-PTCL (using dressing forceps combined with laser) and SD-PTCL (in which a stone disintegrator played a main role in lithotripsy) were applied to 6, 21 and 6 patients, respectively. Although the mean number of lithotripsies in all cases was 3.5, that num ber increased to 3.8 among patients receiving the conventional PTCL, while the mean number could be reduced to 2.8 among those undergoing L-PTCL or SD-PTCL. Use of the laser also showed the merit of being able to perform safe and reliable lithotripsy in the case having a huge residual bile duct stone. However, 2 cases with confluent stones composed of only cholesterol underwent L-PTCL 5.2 times (mean), suggesting that there is some difficulty in performing lithotripsy with laser on incarcerated choles terol gallstones.
On the other hand, we first planned to perform an operation on a patient had an intrahepatic stone and hepatographically showed stenosis of the intra hepatic bile duct in the left lobe; however, the stenosis disappeared after lithotripsy with L-PTCL, and this case has been followed up without further treatment. Although the length of follow-up is not sufficient-the follow-up period is more than 3 years in 8 cases, 2-3 years in 9 cases, 1-2 years in 6 cases and less than 1 year in 9 cases there have been no recurrent or residual gallstones in those undergoing successful lithotripsy. (Table 5) Six patients subjected to POCL were: 4 with residual bile duct stones, and 2 with intrahepatic stones. POCL combined with laser (L-POCL) was performed in 2 cases with residual bile duct stones. Gallstones were choledochoscopically crushed using dressing forceps, which were inserted through a hole made for postoperative T tube drainage, or using the laser, which was applied under the same conditions (procedures and power output) used for L-PTCL. L-POCL was especially indicated for those with gallstones incarcerated at the papilla, which usually could not be removed using only conventional forceps or a basket catheter. As a result, their gallstones were suc cessfully removed, and none of the 6 cases has developed complications. 
Results of POCL
Discussion
As reported by Soma1 and Kawai et al.,2-4 the usefulness of EST as a non-surgical treatment of bile duct stones has been recognized and has been widely employed at a large number of centers. EST definitely contributes to improved clinical outcomes in patients with residual-recurrent bile duct stones, especially in aged, high-risk patients. However, EST has its limitations, especially in the treatment of larger gallstones, par ticularly those measuring over 2.5cm, because such stones are neither completely removed nor is a basket catheter sometimes able to be pulled out.5 Therefore, Fujita et al. rather thought that the removal of huge bile duct stones contraindicates. 6 Other investigators have reported bleeding to be a main complication of EST; a few death cases due to serious complications, such as acute pancreatitis, cholangitis and liver abscess, have also been reported.
The usefulness of PTCL, which was developed for the removal of bile duct stones in cases having undergone PTCD for the purpose of reducing jaundice and pressure, has been mentioned elsewhere. The maintenance of the physiological function of the papillary sphincter is counted as one of the major advantages of PTCL, and this de finitely distinguishes PTCL from EST. However, it has been pointed out that the duration of treatment with PTCL is longer than that of surgical treatment or with other lithotripsy techniques. In fact, treatment by PTCL required 6-9 weeks for the completion of lithotripsy in our patients; however, these patients were all high-risk, and there was only a small difference in the duration between surgical methods and PTCL if the duration necessary for the reduction of jaundice was deducted from the total time. Since lithotripsy of cholesterol stones is often difficult by conventional PTCL using only dressing forceps, laser8-12 and a stone disintegrator13-17 have been introduced as additions to PTCL. As a result, these combination PTCL's can cover the disadvan tages of EST by shortening the duration needed for the removal of gallstones and by providing safe and definite removal of not only bilirubin stones but also of cholesterol stones, in addition to the ability to remove huge stones.
As for POCL, we found that laser-POCL was especially useful for the safe removal of incarcerated gallstones without injuring the biliary tract at the papilla, in addition to its other useful points of POCL, as reported by Yamakawa et a!. 18 We believe that our findings strongly indicate the advantage of the use of laser. On the other hand, a disadvantage of laser lithotripsy is that laser equipment is considerably expensive.
By contrast, a stone disintegrator is inexpensive and handy, and can achieve satisfactory lithotripsy, suggesting that it has excellent usefulness in clinical practice. Therefore, we think that a method of lithotripsy should be selected by carefully weighing the advantages and disadvantages of each method. Lastly, a single application of one of the 3 non-surgical treatment methods described in this report is not sufficient for the removal of bile duct stones in many cases, such as a residual-recurrent huge bile duct stone. In such a case, it is important, we believe, that the gallstone be first removed by PTCL, after which EST is performed if stenosis of the papilla is present in the patient's choledochogram following lithotripsy, because EST has advantages as a sup plemental surgery. Since our patients have been followed up to 8 years in the longest case, longer follow-up is required for the determination of problems with recurrent bile duct stones.
Conclusion
Since the introduction of laser and SD into PTCL provided us with a safe and definite non-surgical endoscopic treatment of bile duct stones, we strongly believe that these methods will be more widely employed and will merit professional use in clinical practice.
